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Genome-wide identification of ZHD gene family of Populus trichocarpa
and its expression under drought stress
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Abstract: [Objective] With an investigation of the bioinformatics information of the ZHD gene family of
Populus trichocarpa (PtrZHD) and an analysis of the expression characteristics of this gene family under
drought stress, This study is aimed to provide reference for exploring the functions of Pt#ZHD in drought stress.
[Method] Bioinformatics was used to identify all members of the ZHD gene family in P. trichocarpa at the
genome-wide level before an analysis was conducted of their evolution, physicochemical properties, gene
structure, conserved Motifs, cis-acting elements of the promoter and expression characteristics. [Result] The
ZHD gene family of P. trichocarpa consisted of 21 members, which could be divided into 7 subfamilies. There
were 8 pairs of homologous genes in the ZHD gene family of P. trichocarpa, and the K,/K value of each pair of
homologous genes was far lower than 1. Though with different physicochemical properties, PtrZHD gene

family members had relatively conservative structures, all containing Motif 1. Different numbers of hormone
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and abiotic stress response elements were found in the promoter regions of Pt#ZHD gene family members with
various response elements among different genes. One, seven and thirteen members of the PtrZHDs gene family
were preferentially expressed in the root, stem and leaf tissues of P. trichocarpa, respectively. The response of
PtrZHD gene family members to drought stress was tissue-specific and time-specific with the expression levels
of each member of ZHD gene family being different in root, stem and leaf tissues, yet with the increase of
drought stress time, they all showed a trend of first increasing and then decreasing. [Conclusion] Different
members of the PtrZHD gene family had different responses to drought stress, indicating that they might
regulate the response of P. trichocarpa to drought stress. [Ch, 6 fig. 2 tab. 27 ref.]
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Table 1 Overview of ZHD gene family in P. trichocarpa
B HE 4 FEFEALE EAHKEA  /STE/kDa FHE WSS E/bp
Potri.002G035200.1 PtrZHD1 Chr02: 2259632..226 1632 293 32.84 8.22 882
Potri.002G102900.1 PtrZHD2 Chr02: 7442579..744409 8 262 27.92 7.28 789
Potri.003G000400.1 PtrZHD3 Chr03: 70322..711 64 253 28.01 7.71 762
Potri.003G146700.1 PtrZHD4 Chr03: 16229434..162296 55 73 8.28 7.73 222
Potri.004G11.300.1 PtrZHDS Chr04: 12287585..122896 62 334 36.77 8.70 1005
Potri.004G126600.1 PtrZHD6 Chr04: 12337842..12338677 130 14.17 6.81 393
Potri.004G135100.1 PtrZHD7 Chr04: 15528323..15529129 268 29.44 8.83 807
Potri.004G229600.1 PtrZHD8 Chr04: 23480758..234 82600 271 30.06 8.39 816
Potri.005G11.300.1 PtrZHD9 Chr05: 9522291..9525287 339 37.98 9.19 1020
Potri.005G158800.1 PtrZHD10 Chr05: 16017482..160193 10 257 27.73 6.43 774
Potri.005G227900.1 PtrZHDI11 Chr05: 23746 838..237492 46 290 32.32 8.88 873
Potri.007G024100.1 PtrZHDI12 Chr07: 1814109..1816426 331 36.75 9.31 996
Potri.008G086000.1 PtrZHDI13 Chr08: 5402319..5403293 324 35.57 8.83 975
Potri.010G169400.1 PtrZHD14 Chrl10: 17139193..171406 88 332 36.41 9.21 999
Potri.012G040900.1 PtrZHDI15 Chr12: 3680805..368 1724 182 20.66 6.39 549
Potri.013G108900.1 PtrZHD16 Chrl3: 12226 035..122273 66 281 31.74 7.71 846
Potri.015G032700.1 PtrZHD17 Chrl5:2637644..2638216 190 21.44 6.17 573
Potri.017G082700.1 PtrZHD18 Chr17:9830334..9831749 161 17.36 5.93 486
Potri.017G082900.1 PtrZHD19 Chr17: 9903467..9905775 337 37.23 8.23 1014
Potri.019G021400.1 PtrZHD20 Chr19: 2418959..241964 6 132 14.83 8.83 399
Potri.019G081300.1 PtrZHD21 Chr19: 11464924..114656 88 184 20.87 9.91 555
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Figure 1

Phylogenetic tree of ZHD protein family in P. trichocarpa, A. thaliana , O. sativa and B. rapa ssp. pekinensis
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Figure 2 Chromosome localization and homology analysis of PtrZHD gene
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Table 2 K,/K, values and homologous status of homologous genes

[FIRSEH
k1R SR E(K) [ SR (K ) KK )5 5 B ) /bp [/t
A1 HEH2
PtrZHD1 PtrZHD11 0.06 0.32 0.19 787 0.90
PtrZHD2 PtrZHD10 0.04 0.19 0.21 711 0.92
PtrZHD3 PtrZHDS 0.08 0.36 0.22 682 0.86
PtrZHD5 PtrZHD19 0.08 0.35 0.23 779 0.88
PtrZHD6 PtrZHD18 0.07 0.18 0.39 357 0.91
PtrZHD9Y PtrZHD12 0.08 0.29 0.28 875 0.85
PtrZHD13 PtrZHD14 0.09 0.36 0.25 838 0.85

PtrZHD15 PtrZHD17 0.05 0.27 0.19 496 0.90
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Figure 3 Analysis of gene structure and protein conserved motif of PtrZHD gene
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Figure 4 Analysis of cis-acting elements in promoter region of PtrZHD gene
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